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TARGET AUDIENCE: Clinicians and MR scientists interested in 
myocardial tissue parameter mapping and MRF. 
PURPOSE: Magnetic Resonance Fingerprinting1 (MRF) can be used 
to quantify multiple tissue parameters rapidly within a single scan. 
Although previous work has used MRF to generate tissue parameter 
maps in stationary organs2,3, myocardial tissue characterization 
presents additional challenges due to cardiac and respiratory motion. 
This work presents a 2D MRF acquisition with ECG triggering that 
can be performed within a single breathhold for mapping T1, T2, and 
spin density in the myocardium.  
METHODS: The main challenge in applying MRF in the heart is that 
respiratory and cardiac motion can introduce blurring in parameter 
maps or lead to failed pattern recognition. Thus, breathholding and 
ECG triggering were used to acquire images during late diastole 
within a fixed scan window. A second challenge is that the exact 
sequence timings of a gated cardiac MRF sequence cannot be known 
a priori, as changes in heart rate will lead to large differences in the 
signal evolution. For this reason, a subject and scan-specific 
dictionary was created after each cardiac MRF experiment for 
parameter mapping. Here, a cardiac MRF sequence with a FISP-
based readout3 was employed due to its relative insensitivity to 
off-resonance. The data acquisition was highly accelerated with 
one out of forty-eight arms from a uniform spiral (300mm2 FoV, 
192x192) collected per image and gridded with the NUFFT4. A 
constant TR=4.7ms, which was the minimum allowed by the 
trajectory, was used to maximize the number of images acquired 
per heartbeat and thereby improve the pattern recognition. In 
order to force rapid changes in the signal evolutions over short 
periods of time, flip angles were constrained to ramp up to a 
constant value every heartbeat. The actual flip angle schedule 
was optimized using a simulated cardiac phantom with 
physiological T1 and T2 values. The minimum and maximum flip 
angles and the number of RF pulses in each “ramp-up” segment 
were systematically varied for every heartbeat. Image gridding 
and MRF pattern recognition were simulated for each set of 
sequence parameters, and the sequence that produced the 
smallest errors in T1 and T2 quantification was selected.  
Data were collected from six healthy volunteers  on a 3T Skyra 
with a 34-channel cardiac coil array in this HIPAA-compliant IRB 
approved study. The volunteers were scanned in short-axis 
orientation with the optimized cardiac MRF sequence lasting 24 heartbeats. The MRF dictionary entries were calculated after data collection using the 
actual timing of the sequence, which depended on heart rate and trigger delay. Pattern matching was then performed to yield T1, T2, and M0 maps.  
RESULTS: Figure 1 (top left) shows an example of a raw MRF image with substantial aliasing artifacts from the undersampled spiral trajectory. The 
bottom left image is the sum of all data collected over time. Additionally, two pixels in myocardium and liver are highlighted and their time courses are 
plotted along with their most correlated dictionary entries (T1=1200ms/T2=45ms for myocardium and T1=820/T2=50ms for liver). Despite the noisy signal 
evolutions due to aliasing, the pattern recognition is able to extract relaxation parameters for both tissues. Native T1, T2, and M0 maps from two healthy 
volunteers are presented in Figure 2. Average values of T1=1232 121ms and T2=33 14ms (volunteer 1) and T1=1222 128ms and T2=24 9ms 
(volunteer 2) were obtained in the myocardium.  
DISCUSSION: Initial work in simultaneous mapping of myocardial T1, T2, and M0 has been presented using a 2D MRF acquisition within a single 
breathhold using prospective ECG triggering. Native T1 and T2 measurements for myocardium were in agreement with literature values5,6,7, although T2 
appears slightly underestimated. Further improvements in T2 quantification could be obtained by applying B1 correction as in [2] or further sequence 
optimization.  One important feature of cardiac MRF is that the sequence timings are not predefined, as in traditional MRF, because the time between 
heartbeats varies with each scan. Therefore a new scan-specific dictionary must be generated after data collection which incorporates the variable times 
between cardiac cycles, reversing the logic of the original MRF technique. Rapid and simultaneous quantification of T1 and T2 using MRF offers the 
potential to study many diseases affecting myocardial tissue, including but not limited to ischemia, non-ischemic cardiomyopathy, myocarditis, 
amyloidosis, and siderosis8,9.  
CONCLUSION: MR Fingerprinting can be used for mapping of T1, T2, and M0 in the myocardium using a 2D breathheld, ECG triggered scan.  
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Figure 1. (Top left) Undersampled MRF image. (Bottom left) The temporal sum
of the aliased images. (Right) Signal evolutions from the aliased images (dotted
lines) and their best dictionary matches (solid lines) for myocardium and liver. 

Figure 2. Pre-contrast T1, T2, and M0 maps are shown for two healthy volunteers.
The blood pool and lungs are masked for better visualization of the myocardium. 
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